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Two recently developed rodent population models-the Collaborative Cross (CC) 2 and the Diversity Outbred (DO) 3 have already gained a solid footing in the genetics community. With their review, authors Alison Harrill and Kimberly McAllister, researchers at the National Institute of Environmental Health Sciences (NIEHS), aim to increase awareness of these resources and to encourage their broader adoption in toxicologic and environmental research.
For decades, toxicologists primarily used single inbred (genetically identical) strains of mice to determine the dose at which chemicals may cause adverse effects in animals. Then they used that information to estimate exposures that could be hazardous for humans. 4 With genetically identical strains, the response of one mouse is expected to be the same as that of another mouse to the same dose of chemical. However, we now recognize that human responses to similar environmental exposures are highly variable, presumably because of genetic differences between people. To better mimic human genetic heterogeneity for the purpose of toxicity testing, toxicologists began to explore the use of more genetically diverse mouse reference populations, taking advantage of resources that had already been developed for genetic mapping studies.
Researchers created CC mice by intercrossing eight inbred "founder" strains that were chosen to maximize genetic diversity. The resulting inbred strains are distinct, but within each strain, CC mice are genetically identical. As a complementary resource, researchers also created DO mice by randomly mating pairs from the same eight founder strains, with each mouse being genetically unique (what is known as randomized outbred stock). The CC and DO mice allow toxicologists to observe a range of environmental responses in genetically diverse animals.
"These new models offer unique advantages to environmental health scientists," says Steven Munger, an assistant professor at Maine's Jackson Laboratory, who was not involved in the review. "Although genetic variation differs in mice and humans, many of Human responses to similar environmental exposures are highly variable, presumably because of genetic differences between people. This variability is not captured by the single inbred mouse strains traditionally used in toxicology studies. However, new mouse population models allow toxicologists to observe a range of environmental responses that may be more consistent with effects in humans. Image: © xavierarnau/iStockphoto. the [metabolic] pathways are the same, which means the detection of an extremely sensitive subgroup of mice has implications for humans."
The power of these new resources is illustrated by two landmark studies discussed in the review. In the first study, researchers exposed 47 lines of CC mice to the mouse-adapted strain of Ebola virus. 5 Until that study, the virus was primarily studied in nonhuman primates because traditional inbred mice did not produce the hallmark of human Ebola infection: hemorrhagic fever with excessive bleeding. The authors observed extensive phenotypic variation in the responses of CC mice to the virus, ranging from complete resistance to severe pathology similar to that observed in the human disease. This observation changed Ebola research by producing its first powerful mouse model.
The second study used DO mice to evaluate benzene toxicity and compared the results with those obtained using inbred mice. 6 The results of such studies are relevant to regulations designed to protect genetically susceptible workers in industries where they may be exposed to benzene, such as petrochemical and rubber manufacturing. The authors found that DO mice varied greatly in their susceptibility to benzene-induced chromosomal damage. The estimated threshold for adverse effects was an order of magnitude lower in DO mice than in inbred mice and was more consistent with susceptibility estimates in human studies. Illustrating the greater statistical power of DO mice to map genetic susceptibility, the researchers also identified specific genes that modify the animals' capacity to detoxify benzene.
"This was one of the clearest examples of establishing a doseresponse relationship and then identifying the mode of action; that is, the genes that mediate this response in the most sensitive group of DO mice," Munger notes.
David Aylor, an assistant professor in the Center for Human Health and the Environment at North Carolina State University, considers these new resources a powerful bridge between what is possible in human studies versus those using single inbred strains of mice. "I think it is very important for these models to gain some traction among environmental health scientists now that they have proven their worth in the mouse genetics community," says Aylor, who was not involved in the review.
Harrill and McAllister emphasize that the new models do not replace existing tools in the toxicologist's toolbox. "They complement, rather than replace, the traditional models," McAllister says. "The study design and overall research goals determine what combination of tools will work best."
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